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1.0.  INTRODUCTION 


The  Armored  Vehicle  Launched  Bridge  (AVLB)  is  a  folding  bridge 
that  was  fielded  in  the  early  1960s  as  the  Army's  standard  heavy 
assault  bridge.  Fielded  versions  include  both  the  M60  and  M48 
tank  chassis.  The  bridge  is  constructed  primarily  of  aluminum 
alloy  and  weighs  approximately  29,500  lbs.  FIGURE  1-1  depicts 
the  deployed  AVLB  during  strain  gage  testing. 

The  bridge  is  rated  for  normal  crossings  of  military  load 
classifications  of  60  tons  (MLC  60)  over  a  maximum  gap  of  60 
feet  and  a  vehicle  speed  of  25  mph.  MLC  61-64  loads  at  8  mph 
are  classified  as  caution  crossings,  and  MLC  65-75  at  3  mph  are 
classified  as  risk  crossings  for  the  same  gap  distance.  The 
fielding  of  the  MlAl  Abrams  main  battle  tank  with  the  T-158 
track  has  resulted  in  a  load  classification  of  MLC  68,  which  is 
a  risk  category  for  crossing  the  AVLB. 

The  System  Simulation  and  Technology  Division,  AMSTA-RY,  was 
tasked  by  the  Systems  Engineering  Directorate,  AMSTA-U,  to 
perform  an  analysis  of  the  AVLB  over  a  60-^foot  gap  while  an  MlAl 
crosses  it.  The  Analytical  and  Physical  Simulation  Branch, 
AMSTA-RYA,  performed  the  flexible  body  dynamic  analysis  portion 
of  this  project,  and  the  Computer-Aided  Engineering  Branch, 
AMSTA-RYC,  performed  the  quasi-static  finite  element  analysis. 
This  report  covers  the  finite  element  analysis  aspect. 


2.0.  OBJECTIVE 

The  objective  of  this  project  was  to  perform  a  finite  element 
analysis  of  the  whole  AVLB  to  determine  high-stress  areas  of 
concern.  A  low-resolution  beam  Finite  Element  Model  (FEM)  of 
the  AVLB  was  created  first,  in  order  to  obtain  certain  modal 
characteristics  of  the  bridge.  The  information  from  the  beam 
model  was  used  by  Dr.  Roger  A.  Wehage  and  Mr.  Micheal  J. 
Belczynski  of  AMSTA-RYA  to  create  a  Symbolically  Optimized 
Vehicle  Analysis  System  (SOVAS)  model  of  the  AVLB  to  interact 
with  a  current  MlAl  model.  These  mathematical  models  were  used 
to  determine  distributed  vehicle  dynamic  reaction  loads  on  the 
whole  AVLB.  Time  histories  of  all  forces  and  moments  from  the 
dynamic  analysis  were  used  as  inputs  to  a  higher  resolution 
plate  finite  element  model  of  AVLB.  Several  different  finite 
element  analyses  were  performed  for  the  purpose  of  locating 
potential  high-stress  areas. 


3.0.  CONCLUSIONS 

The  results  of  this  report  are  based  on  a  bridge  in  "like  new 
condition"  with  no  rust  or  other  damage.  Also,  no  fatigue 
analysis  or  prototype  tests  were  performed  for  this  project.  No 
mud  loads  or  steering  corrections  were  applied  to  the  bridge  and 
the  ends  were  level  and  simply  supported. 
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FIGURE  1-1.  Armored  Vehicle  Launched  Bridge. 


The  area  just  above  the  center  hinges  consistently  had  the 
highest  stresses .  On  the  analyses  that  simulated  the  MlAl 
directly  over  the  center  of  the  bridge,  the  von  Mises  stresses 
were  considerably  greater  than  the  ultimate  strength  of  the 
material,  indicating  a  structural  failure  near  this  location. 

The  speed  of  the  vehicle  did  not  seem  to  have  an  effect  on  the 
magnitude  of  the  stress;  however,  with  increased  speeds,  the 
bridge  seemed  to  sway  more  from  side  to  side.  TABLE  3-1  below 
summarizes  the  results  from  this  project.  These  values  were 
compared  to  the  yield  strength  of  2014-T6  aluminum  which  is  60.2 
ksi . 


Analvsis 

Von  Mises  Stress 

Max.  Disolacement 

Gravity 

12,469  psi 

1.245 

in. 

static  (68.2  ton) 

119,119  psi 

10.80 

in. 

3mph  (Quarter  span) 

58,480  psi 

5.936 

in. 

3inph  (Center) 

119,234  psi 

10.82 

in. 

8mph  (Quarter  Span) 

66,663  psi 

6.820 

in. 

8mph  (Center) 

118,169  psi 

10.70 

in. 

25mph  (Quarter  Span) 

61,566  psi 

6.101 

in. 

25mph  (Center) 

118,993  psi 

10.64 

in. 

TABLE  3-1.  Summary  of 

Plate  Finite  Element  Analysis 

Results 

4.0.  RECOMMENDATIONS 

It  is  recommended  that  a  more  detailed  model,  perhaps  a  3-D 
solid  model,  of  the  center  hinge  and  surrounding  area  be  created 
and  a  finite  element  analysis  be  performed.  This  analysis  would 
further  pinpoint  the  critical  location  and  would  better  quantify 
the  stress  results.  It  was  found  that  this  hinge  location  is 
the  only  real  area  of  concern  on  the  bridge.  This  location  may 
have  to  be  redesigned  or  modified  on  the  actual  AVLB,  in  order 
to  support  the  increased  vehicle  loads . 


5.0.  DISCUSSION 
5.1.  Approach 

The  technical  approach  used  for  this  project  was  based  on  the 
utilization  of  computer-aided  simulation  and  finite  element 
analysis  methods.  This  project  used  a  three-step  process. 

First,  a  low-resolution  beam  finite  element  model  of  the  bridge 
was  created  in  order  to  obtain  certain  modal  characteristics  of 
the  bridge  quickly.  This  information  was  then  used  by  AMSTA-RYA 
to  create  a  model  of  the  bridge  in  their  SOVAS  package.  They, 
in  turn,  performed  a  number  of  dynamic  runs  simulating  a  68.2- 
ton  MlAl  driving  down  the  center  line  of  the  AVLB  with  no 
steering  corrections  at  three  different  vehicle  speeds;  3  mph,  8 
mph,  and  25  mph.  These  runs  resulted  in  a  set  of  force  loadings 
for  each. 


7 


During  the  time  taken  to  perform  the  dynamic  simulations,  a  more 
detailed  plate  model  of  the  bridge  was  created.  The  force 
loadings  for  the  different  speeds  were  then  applied  to  this 
plate  model  to  determine  the  critical  stresses,  strains,  and 
deflections,  while  pinpointing  areas  of  concern. 


5.2.  Finite  Element  Method 

The  finite  element  method  is  an  analysis  technique  for  solving 
the  differential  equations  of  complex  problems.  This  method  has 
become  a  valuable  tool  for  modeling  structural,  mechanical, 
thermal,  and  fluid  systems.  In  finite  element  analysis,  a 
structure  is  broken  down  into  simple  discrete  regions,  or  finite 
elements.  These  simple  structural  elements,  which  can  be  beams, 
shells,  or  solids,  have  elastic  behavior  that  can  be  formulated 
mathematically.  These  elements  are  then  assembled  to  form  the 
overall  structure  of  the  item  being  analyzed.  It  is  mandatory 
that  the  behavior  of  the  model  closely  exhibits  the  behavior  of 
the  actual  physical  structure,  in  order  to  obtain  realistic 
results  and  verify  the  model. 


5.3.  Computer  Software  and  Hardware 

5.3.1.  PATRAN.  PATRAN  is  a  pre/postprocessing  software  package 
developed  by  PDA  Engineering.  PATRAN  is  used  to  visually  create 
the  FEM.  PATRAN' s  postprocessor  allows  the  analyst  to  view  the 
results  of  the  analysis  in  graphical  form.  PATRAN  resides  on  a 
VAX  8800  and  viewed  using  Tektronix  terminals.  PATRAN  is  also 
on  a  Silicon  Graphics  Personal  Iris  workstation. 

5.3.2.  ABAQUS.  ABAQUS  is  a  large-scale,  general-purpose  finite 
element  analysis  program  capable  of  analyzing  complex 
structures.  The  analyst  first  needs  an  input  file,  which  in 
this  case  was  created  using  PATRAN.  The  input  file  defines  the 
shape  and  material  properties  of  the  model,  as  well  as  boundary 
conditions  and  loads.  The  program  then  assembles  and  solves  a 
system  of  equations  on  TACOM's  Cray-2  Supercomputer  and  outputs 
the  results.  ABAQUS  was  developed  by  Hibbitt,  Karlsson,  & 
Sorensen,  Inc. 


5.4.  Finite  Element  Models 

The  finite  element  model  contains  all  the  information  needed  to 
run  the  analysis.  The  model  defines  the  actual  shape  and 
dimensions  of  the  bridge,  the  materials  used  and  their 
properties,  and  any  boundary  conditions  and  force  loadings. 

The  models  were  constructed  using  PATRAN.  Using  grids,  lines, 
and  patches,  the  geometjry  of  the  bridge  was  created  first-  The 
finite  elements  and  corresponding  nodal  points  were  then  made 
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using  the  geometry.  The  materials  were  defined  along  with  the 
element  thicknesses  and  boundary  conditions.  This  PATRAN  model 
was  then  translated  into  an  ABAQUS  input  model  using  a 
translator  called  PATABA.  The  force  loadings  and  masses  were 
added  to  the  ABAQUS  input  file  using  the  vi  editor  on  the  Cray-2 
super  computer.  Two  finite  element  models  were  created  for  this 
project--  a  low-resolution  beam  model  and  a  more  detailed  plate 
model . 

5.4.1.  Beam  model.  This  low-resolution,  three-dimensional  (3- 
D)  model  is  composed  of  2-D  B3  ABAQUS  beam  elements.  The  model 
has  228  nodes,  252  beam  type  elements,  and  1912  degrees  of 
freedom  (DOF).  See  FIGURE  5-1.  With  beam  elements,  the  cross 
section  of  each  element  was  defined  in  ABAQUS.  This  beam  model 
was  used  to  obtain  certain  modal  characteristics  of  the  bridge 
quickly.  Such  characteristics  include:  eigenvalues  and 
eigenvectors,  the  stiffness  matrix,  and  nodal  generalized 
masses,  which  were  obtained  after  performing  an"  analysis  for  the 
first  six  mode  shapes.  This  information  was  used  by  AMSTA-RYA 
to  develop  the  dynamic  modal  representation  of  the  bridge 
suitable  for  interacting  with  the  MlAl  vehicle  model.  A 
complete  listing  of  the  ABAQUS  input  file  for  this  beam  model  is 
located  in  Appendix  C. 

5.4.2.  Plate  model.  Although  the  beam  model  is  a  good 
representation  of  the  bridge  giving  good  results,  it  is  not 
detailed  enough  to  pinpoint  areas  of  concern.  It  is  for  this 
reason  a  more  detailed  plate  model  of  the  AVLB  was  created. 

This  model  is  composed  of  37,250  shell  elements,  the  majority  of 
which  are  quad  type,  and  18,780  nodes.  None  of  the  rivets  were 
modeled  for  this  project.  The  entire  bridge  was  modeled;  no 
symmetry  was  used,  since  the  loadings  were  not  symmetrical. 
FIGURE  5-2  depicts  the  AVLB  plate  model,  and  FIGURE  5-3  shows 
the  plate  model  viewed  from  the  underside. 

The  plate  model  is  constructed  of  SR4  quad/4  elements  and  STRI3 
tri/3  elements.  The  quad/4  elements  have  four  nodes,  one  at 
each  of  the  corners,  and  the  tri/3  elements  have  3  nodes.  These 
shell  elements  have  six  degrees  of  freedom,  giving  the  entire 
model  112,680  degrees  of  freedom.  The  STRI3  elements  are  flat 
faceted  elements,  which  were  used  since  the  AVLB  model  has  no 
curved  or  rounded  surfaces.  With  shell  elements,  the  thickness 
of  each  element  needed  to  be  given.  This  model  has  twenty- four 
(24)  different  properties,  or  thicknesses  defined. 

5.4.3.  Materials.  There  are  a  number  of  different  types  of 
materials  on  the  AVLB,  but  only  two  classes:  steel  and  aluminum. 
On  the  two  finite  element  models,  the  density,  Modulus  of 
Elasticity,  and  Poison's  Ratio  are  the  same  for  all  the 
materials  in  their  class.  Therefore,  only  two  classes  of 
materials  are  defined,  steel  and  al\imin\im.  See  TABLE  5-1.  It 
is  not  until  the  results  are  being  interpreted  that  the  actual 
specific  material  with  its  yield,  ultimate,  and  shear  strengths 
is  compared.  See  Appendix  A  for  a  complete  list  of  material 
types  on  the  AVLB,  along  with  their  properties. 
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FIGURE  5-1.  Beam  Finite  Element  Model  of  AVLB. 
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FIGURE  5-2.  Plate  Finite  Element  Model  of  AVLB. 
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FIGURE  5-3.  Under  Side  View  of  Plate  Finite  Element  Model. 


Property  2014-T6  Alum.  ASTM  A3 6  Steel 


Modulus  of  Elasticity 

10.6  X 

10 

®  psi 

29.0  X 

10 

^  psi 

Ultimate  Tensile  Strength 

70 

.1 

ksi 

58 

.0 

ksi 

Yield  Strength 

60 

.2 

ksi 

36 

.0 

ksi 

Shear  Strength 

42 

.1 

ksi 

21 

.0 

ksi 

Density 

0.101 

lb/in3 

0.284 

Ib/in^ 

Poison's  Ratio 

0 

.34 

0 

.31 

TABLE  5-1.  Properties  of  Two  Materials  on  Bridge^. 


5.4.4.  Added  masses.  On  both  the  beam  model  and  plate  model 
certain  items  were  not  physically  modeled,  because  they  did  not 
add  to  the  structural  integrity  of  the  AVLB.  TABLE  5-2  lists 
these  items  along  with  their  actual  weights.  However,  the 
weight  of  the  finite  element  model  must  be  the  same  as  that  of 
the  actual  AVLB,  in  order  to  determine  the  correct  modal 
information  and  to  include  the  gravity  effects.  The  cylinder 
and  quadrant  were  added  at  their  respective  locations  on  the 
bridge  models  as  mass  loads.  An  analysis  simulating  gravity 
acting  on  the  bridge  was  performed,  and  the  weight  of  the  model 
was  found  to  be  25,824.3  lb.  The  actual  weight  of  the  AVLB  is 
29,500  lb.  The  difference  was  then  distributed  as  a  mass  load 
over  the  entire  bridge  model . 


Item 

Weight 

Cylinder 

1500 

lbs 

Quadrant 

500 

lbs 

Cables 

100 

lbs 

Cable  Ends 

60 

lbs 

Side  Curbs 

1800 

lbs 

Cylinder  Braces 

60 

lbs 

Launch  Tongue 

240 

lbs 

Quadrant  Bracket 

100 

lbs 

Beams  for  Cable  Ends 

250 

lbs 

TABLE  5-2.  Nonstructural  Items  Added  to  Models  as  Mass  Loads. 


5.4.5.  Boundary  conditions.  Both  of  the  bridge  models  were 
constrained  to  simulate  a  60 -ft  span  or  crossing  distance.  On 
the  plate  model,  it  actually  was  59.81  ft.  because  of  node 
locations.  On  both  FEA  models,  the  leading  edge  of  the  bridge 
is  constrained  from  moving  vertically,  laterally,  and 
longitudinally,  while  the  trailing  edge  is  constrained  from 
moving  vertically  only.  This  boundary  condition  closely 
simulates  the  true  condition,  while  also  satisfying  the  type  of 
constraints  needed  for  the  analysis  code. 


^Beer,  F.  P.  and  E.  R.  Johnston,  Jr.,  Mechanics  of 
Materials .  McGraw-Hill  Book  Company,  1981,  p.  584 
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For  the  plate  model,  special  constraints  were  needed  to  simulate 
the  hinges  and  pinned  locations  of  the  AVLB.  ABAQUS'  Multi¬ 
point  Constraint  (MPC)  number  9  provides  a  pinned  joint 
between  two  nodes.  This  makes  the  displacements  equal  but 
leaves  the  rotations,  if  they  exist,  independent  of  each  other. 
This  MPC  number  9  was  used  at  24  locations  on  the  bridge  model. 


5.5.  Discussion  of  Results 


The  Finite  Element  Analysis  (FEA)  was  run  using  ABAQUS  on  a 
Cray-2  Supercomputer.  A  quasi-static  analysis  type  was  used  for 
this  project,  since  it  includes  the  effects  of  gravity.  The 
analysis  for  the  AVLB  plate  model  had  an  average  run  wall  clock 
time  of  about  three  hours.  The  results  file  from  the  analysis 
was  then  translated  into  a  format  that  PATRAM  can  read  using  a 
product  known  as  ABAPAT.  The  results  are  displayed  and 
interpreted  in  PATRAN.  PATRAN  allows  the  analyst  to  visually 
display  analysis  results. 

The  Maximum  Distortion  Energy  criterion  was  used  to  quantify  the 
results  for  this  project.  According  to  this  criterion,  also 
known  as  the  von  Mises  criterion,  a  given  structural  component 
is  safe,  as  long  as  the  maximum  value  of  the  distortion  energy 
per  unit  volume  in  that  material  remains  smaller  than  the 
distortion  energy  per  unit  volume  required  to  cause  yield  in  a 
tensile  test  specimen  of  the  same  material.  For  this  project, 
the  von  Mises  stress,  which  also  takes  into  account  the  shear 
effects,  was  compared  to  the  yield  strength  of  the  material. 

The  results  from  each  analysis  are  discussed  in  the  following 
sections.  A  summary  of  the  results  for  the  plate  model  are  in 
TABLE  5-4, 


5.5.1.  Eigenvalues.  The  first  analysis  was  an  eigenvector 
analysis  performed  on  the  beam  model,  which  gave  the  first  six 
modal  equations  of  motion.  This  analysis  was  performed  to 
obtain  certain  properties  of  the  bridge,  in  order  for  AMSTA-RYA 
to  create  the  SOVAS  model.  The  results  and  information  from 
this  analysis  are  listed  in  TABLE  5-3  below.  It  was  later 
determined  that  the  first  five  mode  shapes  were  sufficient  to 
represent  the  most  significant  bridge  deflections  under  vehicle 
loading. 


Mode  Shape 
1 
2 

3 

4 

5 

6 


Eigenvalue 

63.302 

805.56 

987.88 

2721.7 

3242.5 

4006.5 


Frequency 
1.2663  Hz 
4.5172  Hz 
5.0023  Hz 
8.3032  Hz 
9.0627  Hz 
10.074  Hz 


TABLE  5-3.  AVLB  Beam  Model  Eigenvalue  Results. 
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5.5.2.  Gravity  load.  The  first  analysis  performed  on  the  plate 
model  simulated  the  AVLB  at  a  60-ft  span  with  only  gravity 
acting  on  it.  Not  only  did  this  give  some  results  such  as 
maximum  deflection  and  stress,  but  it  also  checked  for  any 
errors  in  the  finite  element  model  and  ABAQUS  input  file.  As 
expected,  the  results  were  symmetric  about  the  longitudinal 
center  line.  The  von  Mises  stress  for  this  loading  was  12,469 
psi,  and  the  maximum  deflection  was  1.245  inches.  As  would  be 
expected,  the  maximum  stress  is  well  below  the  yield  strength  of 
the  material.  FIGURE  5-4  is  the  von  Mises  stress  plot  for  this 
loading.  The  bridge  is  viewed  from  the  under-side  in  this  plot, 
so  that  all  the  hinges  are  visible.  The  highest  stress  occurred 
just  above  the  center  hinges.  In  fact,  in  all  of  the  stress 
plots  for  this  project,  the  highest  stress  occurred  at  this 
location. 

5.5.3.  Static  vehicle.  The  next  type  of  analysis  simulated  a 
68.2-ton  MlAl  parked  directly  over  the  center  of  the  AVLB.  The 
force  loadings  were  taken  from  the  SOVAS  dynamic  analysis  of  the 
MlAl  at  3  mph  when  located  directly  over  the  center  of  the 
bridge.  The  longitudinal  and  lateral  force  components,  x  and  z 
respectfully,  were  removed  leaving  only  the  vertical  forces. 

The  von  Mises  stress  from  this  condition  was  119,119  psi,  and 
the  maximum  deflection  was  10.80  inches.  This  high  stress 
indicates  a  failed  condition.  As  can  be  seen  in  FIGURE  5-5,  the 
stresses  are  higher  toward  the  right  side  of  the  bridge.  This 
can  be  accredited  to  the  fact  that  the  forces  used  were  from  the 
3  mph  dynamic  analysis,  and  the  bridge  seemed  to  sway  side  to 
side  when  the  vehicle  is  moving  over  the  AVLB.  The  time  period 
used  here  indicates  the  bridge  was  swaying  toward  the  right . 
FIGURE  5-6  is  a  close-up  of  the  right  hinge,  better  showing  the 
stress  concentration. 

As  a  model  verification,  the  total  elastic  strains  in  the 
longitudinal  direction  were  compared  to  strain  gage  data  from  an 
actual  test  at  Ft.  Belvoir.  The  strain  values  were  of  the  same 
magnitude  and  within  the  same  range.  FIGURE  5-7  is  a  plot  of 
the  total  elastic  strains  from  this  analysis.  There  was  no 
specific  test  data  for  a  68.2-ton  load,  so  an  interpolation  was 
made  between  bordering  loads.  Ft.  Belvoir 's  Bridge  Division 
testing  results  range  from  1289  jistrain  to  1875  ^.strain.  The 
analysis  strain  in  the  same  location  are  in  the  range  of  1240 
^strain  to  1830  [Xstrain. 

5.5.4.  Moving  vehicle.  For  the  analyses  of  the  different 
vehicle  speeds;  3  mph,  8  mph,  and  25  mph,  a  quasi-static  finite 
element  analysis  was  performed  using  ABAQUS,  The  loads  used  are 
from  the  dynamic  simulation  of  that  speed  at  a  particular  time 
interval.  Two  different  time  periods  were  chosen  for  each 
speed--  when  the  MlAl  was  directly  over  the  center  of  the  bridge 
and  half  way  between  the  beginning  and  the  center  (quarter 
span) .  The  stresses  were  consistently  higher  for  all  speeds 
when  the  vehicle  was  at  the  center.  The  speed  of  the  vehicle 
did  not  seem  to  have  an  effect  on  the  magnitude  of  the  stress  or 
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"IGURE  5  7.  ‘Pot.a  i  Elastic  Strains  w.i  ch  MlAl  parked  over  center. 
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the  deflection.  The  speed  did  seem  to  effect  the  swaying  of  the 
bridge,  which  may  have  some  fatigue  effects  on  the  life  of  the 
AVLB.  This  sway  is  especially  noticeable  on  the  25  mph 
analysis.  On  the  stress  plot  at  quarter  span,  FIGURE  5-8,  the 
stresses  are  higher  toward  the  left  side  of  the  bridge.  Then  on 
the  25  mph  plot  with  the  vehicle  at  the  center,  FIGURE  5-9,  the 
stresses  are  higher  towards  the  right  side. 


Analysis 

Gravity 

Static  (68.2  ton) 
3mph  (Quarter  span) 
3mph  (Center) 

8mph  (Quarter  Span) 
8mph  (Center) 

25mph  (Quarter  Span) 
25mph  (Center) 


Von  Mises  Stress 
12,469  psi 
119,119  psi 
58,480  psi 
119,234  psi 
66,663  psi 
118,169  psi 
61,566  psi 
118,993  psi 


Max.  Displacement 
1.245  in. 
10.80  in. 

5.936  in. 
10.82  in. 

6.820  in. 
10.70  in. 

6.101  in. 
10.64  in. 


TABLE  5-4.  Summary  of  Plate  Finite  Element  Analysis  Results. 


The  location  just  above  the  hinges  always  had  the  highest  stress 
value  at  all  speeds  and  all  vehicle  locations.  Most  of  this 
stress  is  shear  in  the  x-y  plane,  as  can  be  seen  in  FIGURE  5-10. 
In  actuality,  the  stress  might  not  be  in  this  exact  location. 

On  the  actual  AVLB,  the  hinge  is  riveted  on.  When  the  AVLB 
failed  in  actual  tests,  a  crack  appeared  at  the  last  rivet 
location  on  the  hinge  on  the  lower  flange.  See  FIGURE  5-11. 

This  analysis  shows  there  exists  a  problem  in  this  general  hinge 
location.  A  more  detailed  finite  element  model  of  this  area 
would  further  pinpoint  the  critical  location. 

5.5.5.  Additional  analyses.  In  order  to  determine  if  the 
thickness  around  the  hinge  area  has  any  effect  on  the  stress  or 
its  location,  a  final  analysis  was  performed  on  the  AVLB,  with 
the  vehicle  at  the  center  and  a  speed  of  8  mph.  The  thickness 
of  one  of  the  hinges  at  the  location  of  the  high  stress  was 
increased  from  0.375  inches  to  1.125  inches.  As  can  be  seen  in 
the  von  Mises  stress  plot  in  FIGURE  5-12.,  the  stress 
concentration  is  still  in  the  same  location;  however  the 
magnitude  decreased,  by  about  50  ksi,  to  the  value  of  62  ksi. 
This  is  just  above  the  yield  strength  of  the  2014-T6  aluminum 
material . 
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FIGURE  5-11.  Fracture  During  Actual  AVLB  Testing. 


APPENDIX  A 

AVLB  Materials  and  Properties 
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A-1 


ALUMINUM  ALT.OY.q 


Designation 

6061-T6 

2014-T6 


Designation 
ASTM  A108 
ASTM  A120 
ASTM  A3  6 
ASTM  A441 
ASTM  A575 
ASTM  A514 


Density 
0.098  lb/in3 

0.101  lb/in3 


_ Strengths 

Ultimate  Yield 

45.0  ksi  39.9  ksi 
70.1  ksi  60.2  ksi 


Shear 

29.7  ksi 
42.1  ksi 


FERROUS  METALS 


Density 
0.284  lb/in3 
0.284  lb/in3 
0.284  lb/in3 
0.284  lb/in3 
0.284  lb/in3 
0.284  lb/in3 


Strengths 


Ultimate 

Yield 

Shear 

55.0  ksi 

30.0  ksi 

58.0  ksi 
60-70  ksi 

36.0  ksi 
40-50  ksi 

21.0  ksi 

120  ksi 

100  ksi 

55  ksi 

A-2 


APPENDIX  B 

Result  Plots  of  AVLB  Plate  Model  Analysis 
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UERTICAL  DISPLACEMENT  (INCHES) 


B-2 


UERTICAL  DISPLACEMENT  (INCHES) 


B-3 


AULB  -  68.2  TON  M1A1  AT  MID-SPAN,  STATIC 


MAXIMUM  STRESS,  S11  (RSI:' 
C  LONG  ITIJD  INAL  D IRECTION  ) 


B-4 


AULB  -  68. a  TON  M1A1  AT  MID-SPAN,  STATIC 

UNDER  SIDE  UIEU  -6897S 


TOTAL  ELASTIC  SHEAR  STRAIN,  E12 


TON  M1A1  AT  MID -SPAN,  STATIC 
UNDER  SIDE  UIEU 


UOM  MISES  STRESS  (PSD 


B-7 


UHDER  SIDE  UIEU 


B-8 


TON  M1ft1  AT  QUARTER-SPAN,,  8MPH 
UNDER  SIDE  UIEU 


APPENDIX  C 

ABAQUS  Input  File  of  AVLB  Beam  Model 
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